We have analysed the compositions of co-existing silicate macro-inclusions and fluid micro-inclusions in the fibrous coats of eight coated diamonds from the Panda kimberlite (Canada), by electron microprobe and infrared spectroscopy. The mineral inclusions in the diamond coats come from either the peridotite suite (Cr-pyrope, orthopyroxene, olivine and Cr-diopside) or eclogite suite (omphacite). Therefore, fibrous diamonds may grow in the same paragenetic environments as octahedral diamonds. The inclusions document a more fertile source composition (lower Mg# and higher Ca#) than for equivalent phases in octahedral diamonds from Panda and worldwide. Geothermometry of the silicate inclusions yields low equilibration temperatures of 930 to 1010 o C. The coexisting fluid micro-inclusions are dominated by H 2 O, carbonate and KCl. Fluid inclusions in both the peridotitic and eclogitic samples fall along linear arrays between Fe-Ca-Mg carbonate and KCl. Inclusions in the eclogitic sample also contain moderate concentrations of a Si-Al fluid component, and the eclogitic sample has quartz in its infrared spectra. We suggest that the diamonds have trapped both metasomatised minerals and the metasomatic fluid, and so provide a snap shot of a metasomatic event in the mantle.
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We have analysed the compositions of co-existing silicate macro-inclusions and fluid micro-inclusions in the fibrous coats of eight coated diamonds from the Panda kimberlite (Canada), by electron microprobe and infrared spectroscopy. The mineral inclusions in the diamond coats come from either the peridotite suite (Cr-pyrope, orthopyroxene, olivine and Cr-diopside) or eclogite suite (omphacite). Therefore, fibrous diamonds may grow in the same paragenetic environments as octahedral diamonds. The inclusions document a more fertile source composition (lower Mg# and higher Ca#) than for equivalent phases in octahedral diamonds from Panda and worldwide. Geothermometry of the silicate inclusions yields low equilibration temperatures of 930 to 1010 o C. The coexisting fluid micro-inclusions are dominated by H 2 O, carbonate and KCl. Fluid inclusions in both the peridotitic and eclogitic samples fall along linear arrays between Fe-Ca-Mg carbonate and KCl. Inclusions in the eclogitic sample also contain moderate concentrations of a Si-Al fluid component, and the eclogitic sample has quartz in its infrared spectra. We suggest that the diamonds have trapped both metasomatised minerals and the metasomatic fluid, and so provide a snap shot of a metasomatic event in the mantle.
Introduction
Fibrous diamonds and the fibrous coats of coated diamonds often contain fluid inclusions trapped along the lateral surfaces of the diamond fibres. The fibrous morphology and presence of fluid inclusions is consistent with rapid diamond growth from a fluid. A remainder of this fluid phase is represented by the inclusions, and provides information on the compositions of the diamond growth fluids [1] [2] [3] [4] [5] [6] [7] . These diamonds provide the deepest, and the only pristine, examples of upper mantle fluids. However, to date, it has not been possible to see the whole fluid-rock system. Here we report and examine the relationship between the compositions of co-existing fluid microinclusions and peridotitic and eclogitic suite mineral inclusions in the fibrous coats of diamonds from the Panda kimberlite (Canada).
The conditions of diamond growth, such as temperature, pressure and host rock chemistry, are generally determined from the chemistries of non-touching silicate inclusions in diamonds, which are unable re-equilibrate to subsequent changes in the prevailing chemical and physical conditions. 'Macro' inclusion (sizes of the order of 100 µm) minerals of the peridotitic (olivine, Cr-pyrope, orthopyroxene, diopsidic clinopyroxene, chromite), eclogitic (pyrope-almandine garnet and omphacitic clinopyroxene, coesite, kyanite, rutile, sanidine) and "superdeep" (Majoritic garnet, 0.6 mm. Spectra were recorded in transmission with a resolution of 2 cm -1 in the range 4000 to 380 cm -1 with one spectrum being the average obtained from 512 scans. Polished diamond plates were mounted on a A524 accessory plate with 5x beam condenser. An Al foil mask was used to ensure that only the fibrous coat was analysed. Lattice-bound nitrogen concentrations are determined using the method of Mendelssohn and Milledge [21] (Table 1) .
Nitrogen is present as mildly aggregated IaA in all of the diamond coats, this is consistent with global fibrous diamond populations [22] [23] [24] . Nitrogen concentrations range between 403 and 1660 ppm in the coats. Lattice bound nitrogen in the Panda diamond cores is more aggregated than in their coats, having up to 33% IaB centres with some platelet development and nitrogen concentrations of 500 to 1540 ppm.
The concentrations of H 2 O and carbonate as CO 2 were calculated from the intensities of the O-H stretching band of water (using ε 3420 =80 L per mol cm -1 , [25] ) and of the ν 3 stretching band of calcium carbonate (using ε 1430 =235 L per mol cm -1 , [26] ). Taking into account the difference in absorption coefficients of different carbonates and the effect of pressure on water and carbonate absorption, the error on the calculated H 2 O and CO 2 concentrations are estimated as ±25 and ±40 ppm, respectively [1] . Since the absolute concentration of volatiles is dependent on inclusion density, we use the ratio H 2 O# = H 2 O/(CO 2 +H 2 O) to describe the volatile composition. Table 1 3.2 Electron microprobe analyses Electron Microprobe Analyses (EMPA) of individual macro-and micro-inclusions in the diamond coats were performed using a JEOL Superprobe 733. Analyses were carried out using an accelerating voltage of 15 keV and a beam current of 10 nA, at these conditions the spot diameter was approximately 2 µm. The instrument is equipped with an Energy Dispersive Spectrometer (EDS), a collimator and a SiLi crystal detector with an atmospheric thin window (ATW). The channel width is 0.01 KeV and the resolution (the full width half maximum of Mn) is 138 eV. The count rate was 6 to 7 kcps for a count time of 100 s. Spectra were reduced using the Oxford Instruments Link ISIS SEM-Quant (ZAF) correction relative to a cobalt standard.
Macro-inclusions
Silicate inclusions were exposed during polishing of six of the eight Panda coated diamonds. Both peridotitic (PAN1, PAN3, PAN5, PAN7, PAN8) and eclogitic parageneses (PAN4) are represented. Silicate inclusions in the coated diamonds are small (typically 2 to 20 µm) and abundant. Inclusions at the small end of the size range do not give 100% totals. Table 2 shows the analysed total and the normalised molecular proportions of these inclusions. Multiple analysis (20) of a single clinopyroxene grain in PAN4 revealed good reproducibility, with the following standard deviations (1σ): SiO 2 (0.22), Al 2 O 3 (0.09), FeO (0.10), Cr 2 O 3 (0.08), MgO (0.08), CaO (0.09), TiO 2 (0.12).
Inclusions in the Panda diamond coats are compared to inclusions in octahedral Panda diamonds analysed by WDS. Only differences in the major element concentrations (Mg, Fe, Ca) are considered, because the lower resolution of the EDS. Quoted errors for Mg# (= Mg/(Mg+Fe)) and Ca# (= Ca/(Ca+Mg+Fe)) of each mineral phase are derived by propagating an error of 3σ for the inclusion with the lowest total before normalisation. Table 2 3.2.2 Micro-inclusions Individual inclusions were identified immediately below (<1 µm) the surface of the diamond coats using backscattered electron imaging mode. The inclusions are completely enclosed in the diamond host and are not connected to the diamond surface by cracks. Because of the low mean atomic number of diamond, the electron beam shows a significant degree of penetration into the sample with an activation volume of approximately 4 µm 3 at 15 KeV, this is larger than the average inclusion volume (< 1 µm 3 ).
The small size and high volatile contents of the inclusions means that analysed totals are significantly lower than 100%, the average oxide plus chlorine concentration is 12 wt% (2 to 45 wt%). The sum of oxides plus chlorine was normalised to 100 wt% in order to remove the effect of variable inclusion size, depth and C-O-H content. Normalising the data to 100% assumes a uniform distribution of carbon and oxides in the analysed volume. In actual fact, the inclusions consist of oxides surrounded by carbon matrix therefore low energy x-rays from light elements will be more strongly attenuated. Navon, cited in [5] calculated that this effect has a small effect on most of the analysed elements, but is ~10% for Na, and higher for lighter elements. The accuracy of the analyses of oxides for single inclusions is approximately 10-20% (relative), on the basis of repeated analysis of olivine and clinopyroxene detected in micro-inclusions
The following elements were analysed in the micro inclusions (brackets show the detection limits at 95% confidence): Si (0.05 %), Ti (0.13 %), Al (0.06 %), Mg (0.07 %), Fe (0.15 %), Ca (0.08 %), P (0.08 %), Na (0.08 %), K (0.09 %) and Cl (0.09 %).. The mean of the individual inclusion compositions measured in a sample was taken to represent the bulk major element composition of that sample. The bulk and a selection of representative individual inclusion analyses for each sample are given in Table 3 . Table 1 4.1 Macro-inclusions Olivine, garnet and pyroxene were identified in the infrared spectra of the diamond coats ( Fig.1 ) and from EMPA (Table 1) , phlogopite was not detected. No silicate inclusions were observed in the diamond cores. 
Results

Garnet
Two diamond coats contain garnet inclusions (PAN8 and PAN5). The garnets have moderate Cr 2 O 3 (7.3 to 8.9 wt%) and high CaO contents (5.1 to 6.7 wt%) and are classified as lherzolitic Cr-pyrope (Fig. 2) . The chemistry of these garnet inclusions overlap with the compositions of garnet inclusions in octahedral diamonds from Panda [17, 19] and extend the range to more Ca-and Fe-rich compositions. This is reflected in the high values of Ca# of 13.8 to 18.2 (± 1.5).
Figure 2
The Mg# of the garnets varies between 80.6 and 84.3 with an average of 82.0 (± 1.2). Low Mg# values are generally considered to be indicative of a high source fertility (i.e. not significantly affected by depletion through partial melting) and low equilibration temperatures. The garnet inclusions also have high Na 2 O concentrations (0.2 to 0.40 wt%), a characteristic shared by garnets in octahedral diamonds from Panda [19] . In all the garnets, the TiO 2 concentrations are below the 0.4 wt% cut-off value used as an indicator of metasomatic activity by silicate melts [29, 30] .
Olivine
Three of the coated diamonds contain olivine inclusions (PAN1, PAN7 and PAN8). 
Clinopyroxene
Eclogitic (PAN4) and peridotitic (PAN3, PAN1, PAN5 and PAN8) clinopyroxenes are represented in the Panda coated diamond inclusion population. Eclogitic clinopyroxene inclusions are found in sample PAN4 and have molar ratios of Mg# = 70.1 to 72.9 and Ca# = to 44.5 to 45.9 and so are omphacitic. Al 2 O 3 and Na 2 O concentrations are low (7.1 ± 0.3 wt% and 4.7 ± 0.2 wt%, respectively) relative to eclogitic clinopyroxene inclusions from Snap Lake and from worldwide sources. Cr 2 O 3 concentrations are generally within or below the detection limit (0.08 wt%).
Peridotitic clinopyroxenes have molar ratios of Mg# = 92.8 to 95.0 (± 1.8) and Ca# = 43.8 to 46.7 (± 1.5); they have Cr 2 O 3 concentrations of 1.2 to 2.9 wt% and so are Crdiopsides. Peridotitic clinopyroxene inclusions are classified as lherzolitic on the basic of their Al 2 O 3 and Cr 2 O 3 compositions (Fig. 3) . These compositions are less magnesian and more Ca-rich than the world average and overlap both with those of clinopyroxene inclusions in octahedral diamonds and clinopyroxene inclusions in xenoliths (91 to 93) from Panda [15, 19] . 
Inclusion geothermobarometry
We have estimated the temperature of fibrous diamond growth using the non-touching inclusions assemblages in peridotitic samples PAN8 (garnet-olivine, [28, 31] [17, 19] , which have reequilibrated to the lower mantle temperatures after entrapment in the diamond. The calculated equilibration temperatures are below the lherzolite-H 2 O-CO 2 solidus of Wyllie [38] .
Compositional disequilibrium in PAN8 leads to wide variations in temperature: calculated temperatures ranging from 730 to 1090 o C depending whether low-Mg or high-Mg garnetolivine pairs were used. The maximum temperature variation calculated within the other samples is <100 o C. This wide range calculated temperature in PAN8 is unlikely to be the true temperature range because it is not recorded in the other samples, more likely this reflects varying degrees of disequilibrium between coexisting minerals. Table 3 4.2 Micro-inclusions Carbonate and water are present in the infrared spectra of all the Panda diamond coats (Fig. 1) . The inclusion spectra are dominated by an intense O-H stretching band in the 2800-3800 cm -1 region, due to the presence of hydrogen-bonded O-containing species in the inclusions. The species are identified as molecular H 2 O by the strong H 2 O ν 2 bending vibration at 1656 cm -1 (Fig. 1) . The ratio H 2 O# (100H 2 O/ (CO 2 +H 2 O)) is ≈61 (58 to 70). The broad band centred at 1447 cm -1 in both the peridotitic and eclogitic samples is due to the asymmetric stretching vibration (ν 3 ) of CO 3 2-groups [39] , whilst the eclogitic sample (PAN4) has a second carbonate peak centred at 1423 cm -1 suggesting the presence of a second carbonate species. Quartz is only observed in the single eclogitic sample. No apatite was detected in the infrared spectra of any of the Panda diamond coats.
In addition to their occurrence as macro-inclusions, olivine (PAN1, PAN2, PAN3, PAN6) and clinopyroxene (PAN1, PAN4, PAN5) are present in the micro-inclusions, where they coexist with K-Na-Cl fluid and/or carbonate. The compositions of these mineral phases are poorly constrained as they are present in very small, multi-phase inclusions. Peridotitic and eclogitic inclusions do not occur mutually within samples. Micro-inclusions containing these mantle silicates are ignored in order to reveal the composition of the coexisting brine and carbonate in the peridotitic and eclogitic samples.
Representative and average major element fluid compositions for each sample are given in table 3. The samples contain Fe-Ca-Mg carbonates, K-Na-Cl brine and silicate; no sulphide was detected. The inclusions span a wide compositional range and the samples are not zoned in terms of major elements. The chemistry of the micro-inclusions in the peridotitic diamonds shows that Cl is negatively correlated with Ca, Mg, Fe and Si and positively correlated with K and Na. The average K/Cl molar ratio of the fluid is 0.4 (range 0.07 to 0.71) and the (K+Na)/Cl ratio is 0.6 (range 0.22 to 1.88). The inclusion compositions fall along linear arrays from carbonate towards K-Na-Cl rich compositions (Fig. 5) , indicating the presence of a Clbrine end-member. The calculated end-member carbonate and brine compositions are given in table 3. The brine is similar to the composition of K-Cl rich fluid in cloudy diamonds from Koffiefontein [5] and to the brine end-member fluid in a fibrous diamond from Diavik, Canada [7] .
Peridotitic
In most inclusions, the molar ratio Na+K/Cl is less than 1, therefore Cl in the inclusions is not fully charge balanced by the alkali cations. However, the sum of the charge associated with positive mono-and divalent (K, Na, Fe, Mg, Ca) ions is >100 (average 223) per 100Cl ions and it is thought that the charge is balanced by carbonate ions as suggested by [4] . 
Eclogitic
Relative to the peridotitic fluid, the eclogitic fluid is Si-and Al-rich (Fig. 5) . The high Sicontent is consistent with the presence of quartz, which is observed in the infrared spectra. This chemical composition is similar to published data for fibrous diamonds from Zaire and Botswana [1, 2], but the Panda fluid has a higher concentration of K, Cl and Ba. The eclogitic coat fluid is more Fe-rich (Mg# = 0.2 ±0.1) than that in the peridotitic samples.
In the single eclogitic diamond fluid, Cl is negatively correlated with Ca, Mg, Fe and Si, and correlated with K. In consequence, the inclusion compositions fall along linear arrays from carbonate towards K-Cl rich compositions (Fig. 5) , again indicating the presence of a Cl-brine end-member. The average K/Cl molar ratio of the fluid is 0.45 (range 0.07 to 0.60). The calculated composition of the low-Cl and brine end-members is given in table 3. The end-member brine composition in the eclogitic suite microinclusions is similar to that in the peridotitic diamond micro-inclusions except for its slightly higher Fe content.
Discussion 5.1 Mantle conditions during fibrous diamond growth
The compositions of the silicate inclusions in the Panda diamond coats indicate that fibrous diamonds can grow in both peridotitic and eclogitic host rocks. Therefore, fibrous diamonds grow in the same paragenetic environments as octahedral diamonds. The relatively low Mg# of garnet and olivine in the diamond coats are indicative of high source fertility. Harzburgitic inclusions were not found in the Panda coats, this is in contrast to inclusions in octahedral diamonds from Panda, which are dominantly harzburgitic. Furthermore, the calculated PT conditions of the Panda coats place them within the ultra-depleted upper layer of the Slave lithosphere defined by [15, 18] . The absence of harzburgitic inclusions may be a sampling artefact due to the fact that there are only eight Panda coated diamonds in this study. Alternatively, the dominance of lherzolitic inclusions may suggest that the diamond coats formed during a localized refertilization event involving the influx of the coexisiting Ca-rich fluid, which converted harzburgite to lherzolite.
Geothermometry of silicate macro-inclusions indicates that the Panda diamonds grew over a narrow temperature range of 930 to 1010 o C. These calculated temperatures from EDS analyses are lower than indicated by inclusions in non-fibrous diamonds from Panda (1100-1250 o C, [19] ). For the amount of nitrogen present, the low degree of nitrogen aggregation is also consistent with temperatures <1200 o C. Diamond growth at lower temperatures may be possible because of the high level of fluid supersaturation, which is consistent with the development of a fibrous morphology. Synthetic diamonds grown in KCl [40] and carbonate-KCl [41] exhibit skeletal forms, testifying to high crystallisation rates in KCl-bearing systems. Geobarometry gives calculated equilibration pressures of 4.2-4.6 GPa for Panda coat inclusions.
The pressure-temperature conditions indicated by inclusion geothermobarometry of the lherzolitic Panda diamond coats fall just below the lherzolite + H2O + CO2 solidus of Wyllie et al., [42] . This is consistent with the presence of liquid water in all samples and the absence of silicate melt in the peridotitic Panda diamond coats. These low temperatures also suggest that fibrous diamonds growth at Panda was not the result of a thermal event and favours a growth model driven by open system arrival of externally derived metasomatic fluids.
Origin of the silicate inclusions
The silicate inclusions in the Panda diamond coats are smaller and more abundant than silicate inclusions in octahedral diamonds. The macro-inclusions in the diamond coats may either be 1) syngenetic inclusions precipitated directly from a melt; precipitation of silicate and diamond left a residual carbonate-KCl-H 2 O fluid; or 2) protogenetic inclusions from the mantle host which coexisted with the fluid from which diamond precipitated. Survival of the diamond cores is an important criterion for both of these models. These events are not thought to be late stages of core growth (i.e. from the residual melt) because the sharp boundary, and the difference in nitrogen aggregation states between the core and coat suggests that the two formed at separate times.
In the syngenetic scenario, the presence of both eclogitic and peridotitic silicate inclusions in the diamond coats indicates that fibrous diamond growth occurred during at least two events involving silicate-bearing melts. The small size and abundance of the silicate inclusions may reflect conditions in the growth environment: small and abundant minerals suggest that the nucleation rate was higher than the growth rate during crystallisation. High levels of nucleation are generally attributed to supersaturation of the growth medium and/or to undercooling (growth temperature lower than saturation temperature). Silicate supersaturation of the fibrous diamond coat growth environment is considered unlikely because of the low Si-content of the trapped fluid. The H 2 O-rich nature of the coexisting fluid suggests that diffusion was unlikely to be slow, so the growth rate should not have limited the size of silicate crystals. The low equilibration temperatures are not inconsistent with undercooling, however rapid cooling is not considered likely in the upper mantle.
In the protogenetic scenario, the silicate macro-inclusions represent the host rock in which the diamond cores resided, and which has been modified by an incoming carbonate-H 2 O metasomatic fluid similar to that trapped in the micro-inclusions. Significant melting/crystallisation of the silicate host rock did not occur in this scenario, this is consistent with the equilibration temperatures of the silicate inclusions, which are below the lherzolite+H 2 O+CO 2 solidus. In this scenario, the small size of the silicate inclusions is due to preferential uptake of smaller crystals. This model is more consistent with the carbonate-rich, Si-poor nature of the trapped fluid.
Nature of the trapped fluid
All the of the Panda diamond coat micro-inclusions contain H 2 O and have carbonate and KCl in varying proportions. The similarity between the compositions of carbonate in the peridotitic and eclogitic samples suggests that this fluid may have been derived externally and percolated through both paragenetic environments. In this scenario, the peridotitic and eclogitic diamond coats grew in the same metasomatic event.
Klein-BenDavid et al., [7] suggest that the carbonatite melt evolves towards a more KClrich composition by mineral crystallisation. During late stage crystallisation, the residual melt/fluid will contain a higher concentration of KCl and Ba. This mechanism may explain the small scale variations in observed micro-inclusion compositions. Olivine and clinopyroxene found in the some of the fluid micro-inclusions may be precipitates from such a carbonatite melt. The very high K and Cl concentrations of the Panda fluids suggest that the brine was not sourced locally, but from a large volume of the mantle. Burgess et al., [43] measured halogen ratios in coated diamonds from Panda and concluded that high I/Cl and Br/Cl ratios also require the fluids to have acquired halogens from a large volume of the mantle.
The carbonate-, KCl-and H 2 O-rich fluid inclusions represent the residual fluid after precipitation of diamond. The prevailing oxidation state during fluid influx and diamond coat formation is constrained by the need for diamond to remain stable throughout, so that the diamond cores are preserved. The upper limit of diamond stability in lherzolite is defined by the reaction: enstatite + magnesite = forsterite + diopside + diamond (EMFDD), which occurs approximately -1.5 log fO 2 below the fayalite-magnetite-quartz buffer [44] . Diamond and carbonate may co-exist at this reaction line. The diamond coat may have formed from the parental C-bearing fluid, either by reduction of an oxidized fluid, such as carbonate or CO 2, or by the oxidation of a reduced fluid, such as CH 4 : 1) If the initial fluid was reducing, then oxidation would drive the fluid composition to higher fO 2 . The fluid would initially precipitate diamond and carbonate would only form once the EMFDD buffer was intersected. However, CH 4 is not detected in the Ft-ir spectra of the diamond coats and carbonate is not concentrated towards the rim of the diamond coats. Furthermore, in this scenario, carbonate is formed at the expense of diamond. 2) If the initial fluid was oxidising, then the fO 2 of the fluid must have been lowered by reaction with the more reducing host mantle. Once the fluid intersected the EMFDD buffer, diamond would have been precipitated at the expense of carbonate. The reduction process was buffered by the formation of diamond, this allowed carbonate to coexist with diamond throughout the growth of the coat. This is consistent with the lack of zoning in the diamond coats. The redox state if the host mantle is raised slightly during interaction with the incoming fluid, but do not increase above the EMFDD buffer, therefore the diamond cores remain stable throughout. The similarity between the composition of the carbonate components in the peridotitic and eclogitic samples also support the suggestion that the incoming fluid was carbonate-rich, rather than reducing. Therefore, we suggest that this fluid was then reduced by interaction with the minerals of the host rock to form the fibrous diamond coats.
The Si-rich fluid component, which is virtually absent in the peridotitic samples, is an important component of the fluid in the single eclogite sample. This is emphasized by the presence of quartz in the inclusions. This suggests that this silicate end-member fluid component may have been derived locally. In the eclogitic Panda fluid, the minor silicate component may be due to either: 1) partial melting of the eclogite host rock as a result of the lower temperature of the eclogite + H 2 O solidus; or 2) to the greater availability of Al and Si in minerals in the solid eclogite host rock, which may be liberated by metasomatic reactions between fluid and host rock minerals. In both these scenarios, the silicate fluid component is generated locally. SiO 2 is thought to have crystallized from the trapped silicate fluid component.
Figure 6
5.4 Relationship between the diamond core and its coat For the purposes of this section, we assume that the Panda diamond cores are part of the same diamond population as normal octahedral diamonds sampled by the Panda kimberlite. The similarity between the nitrogen content and degree of nitrogen aggregation in the diamond cores in this study and of undeformed octahedral diamonds from Panda [1, 45] suggests that the populations may be broadly contemporaneous.
The contrasting nitrogen characteristic of the diamond core and its coat suggests that they grew during separate events. This is supported by the sharp boundary between the core and coat in the CL image. Nitrogen in the cores is more aggregated (up to ~30% IaB centres) than in the coat (100% IaA), suggesting that the growth of the coat was succeeded by a period of mantle residence prior to the growth of the coat. Growth during separate events is supported by the lower equilibration temperature of the coat inclusions, relative to those in Panda octahedral diamonds [19] . Therefore we assume that the growth of the diamond cores, which are equivalent to normal octahedral diamonds, occurred some time before the growth of their fibrous coats, and that the host The coat inclusions extend the compositional range of Panda diamond inclusion compositions from relatively undepleted inclusions in octahedral diamonds [17, 19 ] to more fertile Fe-and Ca-rich compositions (lower Mg# and higher Ca#). When compared to the composition of the trapped fluid (Fig. 6) , it can be seen that the compositions of garnet, olivine and orthopyroxene inclusions in the Panda diamond coats are more Ferich, and garnet and orthopyroxene are more Ca-rich than equivalent minerals in octahedral Panda diamonds. The trend between the compositions of octahedral and coat inclusion compositions is towards the composition of the Fe-and Ca-rich carbonate observed in the coat micro-inclusions. This suggests that the inclusions in the diamond coats may be protogenetic and, if so, the differences between octahedral diamond and diamond coat inclusion compositions provide a snap-shot of mantle metasomatism. This metasomatic event was probably localised, for example to vein walls, firstly because H 2 O-rich fluids have high dihedral angles in mantle rocks: ~40 o in dunite [46] and higher in multi-mineralic peridotites; and >60 o in eclogite [47] at 5 GPa. The diamond-forming H 2 O-CO 2 fluids can thus only infiltrate grain edges under conditions of high fluid volume or host-rock deformation. Secondly, because most xenoliths from < 5 GPa are ultradepleted harzburgite [15, 18]. The co-existing fluid micro-inclusions are dominated by H 2 O, carbonate and KCl. Fluid inclusions in both the peridotitic and eclogitic samples fall along linear arrays between Fe-Ca-Mg carbonate and KCl. Inclusions in the peridotitic samples contain very low or zero concentrations of Si-Al and do not contain quartz. In contrast, inclusions in the eclogitic sample do contain moderate concentrations of a Si-Al fluid component, and the eclogitic sample has quartz in its infrared spectra. Therefore, the eclogitic Panda sample bears some resemblance to fluids in coated diamonds from Africa [1, 2], but has a higher KCl content. We suggest that the carbonate-H 2 O-KCl fluid component may have been externally derived and percolated through both peridotitic and eclogitic diamond (core) bearing mantle. Metasomatism of the host mantle modified the fluid composition, leading to a higher Si-Al content in eclogite. Diamond precipitated from this fluid, and the microinclusions represent the residue after metasomatism and mineral (including diamond) precipitation. [33] . Starting pressures for calculation were 4.6 GPa, indicated as the most appropriate pressure by geobarometry. Table 2 : EMPA analyses of silicate inclusions in diamond coats from Panda. Totals are normalised to 100 wt% and the analysed total is given, the analysed totals are also given. Mg# = Mg/(Mg+Fe), Ca# = Ca/(Ca+Mg+Fe). Abbreviations: lherz. -lherzolite, ecl.
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-eclogite, nd -not detected. Table 3 : Compositions of fluid inclusions in coated diamonds from Panda. The average and standard deviation are given for each sample, in addition to four (peridotitic) or ten (eclogitic) representative inclusion compositions. The total molecular proportions and the total oxide plus chlorine contents are normalised to 100 wt%, with the analysed total also given. The calculated brine and carbonate end-members for the peridotite and eclogite suite inclusions and also given. 
